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(57) ABSTRACT

Disclosed are a display device and a method of manufac-
turing the same. The display device includes a light emitting

device including an anode ¢
and a cathode electrode, a d

ectrode, a light emitting layer,
riving transistor configured to

supply a driving current to t

e light emitting device, and a

capacitor including one electrode and other electrode each
formed of a transparent conductive maternial. The one elec-
trode and the other electrode of the capacitor overlap each
other with at least one insulation layer therebetween.
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TRANSPARENT DISPLAY DEVICE AND
METHOD FOR MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of the Korean Patent
Application No. 10-2016-0097490 filed on Jul. 29, 2016,

which 1s hereby incorporated by reference 1n 1ts entirety as
if fully set forth herein.

BACKGROUND

Field of the Disclosure

The present disclosure relates to a display device, and
more particularly, to a transparent display device and a
method of manufacturing the same.

Description of the Background

Recently, as society advances to the information-oriented
society, the display field of processing and displaying a
massive amount of imformation has rapidly advanced, and
correspondingly, various display devices have been devel-
oped and are attracting much attention. Examples of the
display devices 1include liquid crystal display (LCD)
devices, plasma display panel (PDP) devices, field emission
display (FED) devices, organic light emitting display
devices, etc.

Moreover, transparent display devices which enable a
user to look at a background or an object located behind the
transparent display devices are being actively researched
recently. The transparent display devices have advantages in
space availability, interior, and design and can be applied to
various fields. The transparent display devices realize an
information recognition function, an mformation processing
function, and an information display function by using a
transparent electronic device, thereby solving the spatial
limitation and visual limitation of electronic devices. For
example, a transparent display device may be applied to
windows of buildings or vehicles and thus may be 1mple-
mented as a smart window which allows a background to be
seen or displays an 1mage.

In a case where a transparent display device 1s 1mple-
mented with an organic light emitting device, the transparent
display device includes an emissive part which includes the
organic light emitting device and emits light and a driving
part which supplies a certain voltage to the organic light
emitting device. The emissive part includes only a material
for transmitting incident light, and thus, when the emissive
part does not emit light, a user can look at a background,
located behind the transparent display device, through the
emissive part. The driving part includes at least one thin film
transistor (1FT) and at least one capacitor. The driving part
includes an opaque conductive material, and thus, 1n order to
increase a transmittance of the transparent display device, an
area of the emissive part should be enlarged and an area of
the driving part should be reduced.

Recently, since small organic light emitting display
devices applied to mobile devices and the like have a high
resolution, a size of each pixel has been progressively
reduced. There 1s a limitation i reducing a size of a
capacitor of each pixel, and thus, as the size of each pixel
becomes smaller, a ratio of an area of a capacitor area to an
area ol a pixel becomes higher. That 1s, an area ratio of a
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2

driving part in each pixel becomes higher, and for this
reason, a transmittance of a transparent display device 1s
lowered.

SUMMARY

Accordingly, the present disclosure 1s directed to provide
a display device and a method of manufacturing the same
that substantially obviate one or more problems due to
limitations and disadvantages of the related art.

An aspect of the present disclosure 1s directed to provide
a display device and a method of manufacturing the same,
in which a transmittance 1s enhanced.

Additional advantages and features of the disclosure will
be set forth 1n part in the description which follows and in
part will become apparent to those having ordinary skill in
the art upon examination of the following or may be learned
from practice of the disclosure. Other advantages of the
disclosure may be realized and attained by the structure
particularly pointed out 1n the written description and claims
hereot as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the disclosure, as embodied and broadly
described herein, there 1s provided a display device includ-
ing a light emitting device including an anode electrode, a
light emitting layer, and a cathode electrode, a driving
transistor configured to supply a dniving current to the light
emitting device, and a capacitor including one electrode and
other electrode each formed of a transparent conductive
material. The one electrode and the other electrode overlap
cach other with at least one insulation layer therebetween.

In another aspect of the present disclosure, there 1s
provided a method of manufacturing a display device
including forming an active layer of each of a dniving
transistor and a switching transistor on a first substrate,
forming a gate nsulation layer on the active layer, forming
one electrode of a capacitor and a bottom gate electrode of
the driving transistor on the gate insulation layer by using a
transparent conductive material, and forming a top gate
clectrode of the driving transistor on the bottom gate elec-
trode to overlap the active layer, forming an interlayer
dielectric on the one electrode of the capacitor and the top
gate electrode of the driving transistor and forming a source
clectrode and a drain electrode of the dniving transistor on
the mterlayer dielectric, forming the other electrode of the
capacitor on the interlayer dielectric by using the transparent
conductive maternial, forming a passivation layer on the
driving transistor and the capacitor and forming a planariza-
tion layer on the passivation layer, and sequentially forming
an anode electrode, a bank, a light emitting layer, and a
cathode electrode on the planarization layer.

In another aspect of the present disclosure, there 1s
provided a method of manufacturing a display device
including forming an active layer of each of a driving
transistor on a first substrate, forming a gate msulation layer
on the active layer, forming a gate electrode on the gate
insulation layer to overlap the active layer, forming an
interlayer dielectric on the gate electrode, and forming a
source electrode and a drain electrode of the driving tran-
sistor on the interlayer dielectric, forming one electrode of
the capacitor on the interlayer dielectric and the first elec-
trode or the second electrode of the switching transistor by
using the transparent conductive material, forming a passi-
vation layer on the source electrode and the drain electrode
of the driving transistor and the one electrode of the capaci-
tor, forming a contact hole which passes through the inter-
layer dielectric and exposes the gate electrode of the driving
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transistor, and forming other electrode of the capacitor,
connected to the gate electrode of the driving transistor
through the contact hole, on the passivation layer by using
the transparent conductive matenal, forming a planarization
layer on the passivation layer and the other electrode of the
capacitor, and sequentially forming an anode electrode, a
bank, a light emitting layer, and a cathode electrode on the
planarization layer.

It 1s to be understood that both the foregoing general
description and the following detailed description of the
present disclosure are exemplary and explanatory and are
intended to provide further explanation of the disclosure as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate aspects of the disclosure and together with the
description serve to explain the principle of the disclosure.

In the drawings:

FIG. 1 1s a perspective view illustrating a transparent
display device according to an aspect of the present disclo-
Sure;

FIG. 2 1s a plan view 1illustrating a first substrate, a gate
driver, a source drive itegrated circuit (I1C), a flexible film,
a circuit board, and a timing controller of FIG. 1;

FIG. 3 1s an exemplary diagram illustrating pixels adja-
cent to each other in a gate line direction 1n a display area
of FIG. 2;

FIG. 4 1s a circuit diagram illustrating an example of a
pixel of FIG. 3;

FIG. § 1s a circuit diagram 1llustrating another example of
a pixel of FIG. 3;

FIG. 6 1s a cross-sectional view illustrating a driving
transistor, a switching transistor, a capacitor, and an organic
light emitting device according to an aspect of the present
disclosure:

FIG. 7 1s a flowchart illustrating a method of manufac-
turing a transparent display device according to an aspect of
the present disclosure;

FIGS. 8A to 8] are cross-sectional views illustrating a
method of manufacturing a transparent display device
according to an aspect of the present disclosure;

FIG. 9 1s a cross-sectional view illustrating a driving
transistor, a switching transistor, a capacitor, and an organic
light emitting device according to another aspect of the
present disclosure;

FIG. 10 1s a flowchart 1llustrating a method of manufac-
turing a transparent display device according to another
aspect of the present disclosure;

FIGS. 11A to 11D are cross-sectional views illustrating a
method of manufacturing a transparent display device
according to another aspect of the present disclosure;

FIG. 12 1s a cross-sectional view illustrating a driving
transistor, a switching transistor, a capacitor, and an organic
light emitting device according to another aspect of the
present disclosure;

FIG. 13 1s a flowchart 1llustrating a method of manufac-
turing a transparent display device according to another
aspect of the present disclosure;

FIGS. 14A to 14F are cross-sectional views 1llustrating a
method of manufacturing a transparent display device
according to another aspect of the present disclosure;
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FIG. 15 1s a cross-sectional view illustrating a driving
transistor, a switching transistor, and a capacitor according,

to another aspect of the present disclosure;

FIG. 16 1s a flowchart 1llustrating a method of manufac-
turing a transparent display device according to another
aspect of the present disclosure; and

FIGS. 17A to 17F are cross-sectional views 1llustrating a
method of manufacturing a transparent display device
according to another aspect of the present disclosure.

DETAILED DESCRIPTION

Retference will now be made 1n detail to the exemplary
aspects of the present disclosure, examples of which are
illustrated 1n the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout
the drawings to refer to the same or like parts.

Advantages and features of the present disclosure, and
implementation methods thereol will be clarified through
following aspects described with reference to the accompa-
nying drawings. The present disclosure may, however, be
embodied in different forms and should not be construed as
limited to the aspects set forth herein. Rather, these aspects
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the present
disclosure to those skilled in the art. Further, the present
disclosure 1s only defined by scopes of claims.

A shape, a size, a rati0, an angle, and a number disclosed
in the drawings for describing aspects of the present disclo-
sure are merely an example, and thus, the present disclosure
1s not limited to the 1llustrated details. Like reference numer-
als refer to like elements throughout. In the following
description, when the detailed description of the relevant
known function or configuration i1s determined to unneces-
sarily obscure the important point of the present disclosure,
the detailed description will be omuitted.

In a case where ‘comprise’, ‘have’, and ‘include’
described 1n the present specification are used, another part
may be added unless ‘only~’ 1s used. The terms of a singular
form may include plural forms unless referred to the con-
trary.

In construing an element, the element 1s construed as
including an error range although there 1s no explicit
description.

In describing a position relationship, for example, when a
position relation between two parts 1s described as ‘on~’,
‘over~", ‘under~’, and ‘next~’, one or more other parts may
be disposed between the two parts unless ‘just’ or ‘direct’ 1s
used.

In describing a time relationship, for example, when the
temporal order 1s described as ‘after~’, ‘subsequent~’,
‘next~’, and ‘before~", a case which 1s not continuous may
be mcluded unless ‘just’ or ‘direct’ 1s used.

It will be understood that, although the terms “first”,
“second”, etc. may be used herein to describe various
clements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another. For example, a first element could be termed
a second element, and, similarly, a second element could be
termed a first element, without departing from the scope of
the present disclosure.

An X axis direction, a Y axis direction, and a Z axis
direction should not be construed as only a geometric
relationship where a relationship therebetween is vertical,
and may denote having a broader directionality within a
scope where elements of the present disclosure operate
functionally.

4
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The term “at least one” should be understood as including
any and all combinations of one or more of the associated
listed 1tems. For example, the meaning of “at least one of a
first 1tem, a second item, and a third item™ denotes the
combination of all items proposed from two or more of the
first 1tem, the second item, and the third item as well as the
first 1tem, the second item, or the third item.

Features of various aspects of the present disclosure may
be partially or overall coupled to or combined with each
other, and may be variously inter-operated with each other
and driven technically as those skilled in the art can suil-
ciently understand. The aspects of the present disclosure
may be carried out independently from each other, or may be
carried out together 1n co-dependent relationship.

Hereinaliter, exemplary aspects of the present disclosure
will be described 1n detail with reference to the accompa-
nying drawings.

FIG. 1 1s a perspective view illustrating a transparent
display device 100 according to an aspect of the present
disclosure. FIG. 2 15 a plan view 1illustrating a first substrate,
a gate driver, a source drive integrated circuit (IC), a tlexible
f1lm, a circuit board, and a timing controller of FIG. 1. FIG.
3 1s an exemplary diagram illustrating pixels adjacent to
cach other 1 a gate line direction 1n a display area of FIG.
2.

Referring to FIGS. 1 to 3, the transparent display device
100 according to an aspect of the present disclosure may
include a display panel 110, a gate driver 120, a source drive
IC 130, a tflexible film 140, a circuit board 150, and a timing
controller 160.

The display panel 110 may include a first substrate 111
and a second substrate 112. The second substrate 112 may be
an encapsulation substrate. Each of the first substrate 111
and the second substrate 112 may be plastic or glass.

The first substrate 111, as illustrated in FIG. 2, may be
divided 1nto a display area DA, where a plurality of pixels
are provided to display an image, and a non-display area
NDA which does not display an image. A plurality of gate
lines, a plurality of data lines, and the plurality of pixels may
be provided 1n the display area DA. The plurality of pixels
may be respectively provided in a plurality of areas defined
by an intersection structure of the gate lines and the data
lines. The gate driver 120 and a plurality of pads may be
provided 1n the non-display area NDA.

In FIG. 3, a plurality of pixels SP1 and SP2 adjacent to
cach other 1n the gate line direction are 1llustrated. The pixels
SP1 and SP2, as illustrated 1n FIG. 3, may each include a
driving part DA, where a plurality of thin film transistors
(TF'Ts) and a gate line are provided, and an emissive part EA
that includes an organic light emitting device and emits
light.

When a gate signal 1s input through the gate line, by using
the TFTs, the driving part DA may supply a certain voltage
to an anode electrode of the organic light emitting device of
the emissive part EA according to a data voltage of a data
line. The organic light emitting device of the emissive part
EA may emit light having certain brightness according to the
voltage supplied to the anode electrode and a voltage
supplied to a cathode electrode of the organic light emitting
device. The emissive part EA may be configured with one of
a red emissive part, a green emissive part, and a blue
emissive part.

The emissive part EA may be divided by a bank BANK.
The bank may include a black bank and a transparent bank.
The TFTs and the gate line of the driving part DA may each
be formed of a metal material, and for this reason, when
external light 1s incident on the driving part DA, the external
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light 1s reflected by the metal material, causing a reduction
in visibility of an 1image. In order to prevent a visibility of
an 1mage ifrom being reduced due to the external light, the
black bank may be disposed on the driving part DA to cover
the driving part DA. The transparent bank may be disposed
between the emissive parts EA of adjacent pixels.

A transmissive part TA may be an area that transmits
incident light, and may be an area except the drniving part
DA. That 1s, the transmissive part TA may include an area
where the emissive part EA and the transparent bank are
provided. A transmittance of the transparent display device
may depend on an area of the transmissive part TA. How-
ever, an area ol the transmissive part TA may have a
trade-ofl relationship with an area of the dniving part DA,
and thus, 1n order to enlarge an area of the transmissive part
TA, an area of the dnving part DA should be reduced.

In an aspect of the present disclosure, the capacitor may
be formed of a transparent material, and thus, may be
disposed to overlap the emissive part EA. That 1s, 1n an
aspect of the present disclosure, the capacitor may not be
disposed 1n the driving part DA, and thus, an area of the
driving part DA 1s reduced 1n comparison with a case where
the capacitor 1s disposed 1n the driving part DA. A detailed
description of the capacitor according to an aspect of the
present disclosure will be described below with reference to
FIGS. 6, 9, 12, and 15. Also, a detailed description of the
pixel according to an aspect of the present disclosure will be
described below with reference to FIGS. 4 and 5.

The gate driver 120 may sequentially supply gate signals
to the gate lines according to a gate control signal input from
the timing controller 160. The gate driver 120 may be
provided outside one side or both sides of the display area
DA of the display panel 110 in a gate driver-in panel (GIP)
type. Alternatively, the gate driver 120 may be manufactured
as a driving chip and may be mounted on a flexible circuat,
or may be attached on the non-display area NDA outside the
one side or the both sides of the display area DA of the
display panel 110 1n a tape automated bonding (TAB) type.

The source drive IC 130 may receive digital video data
and a source control signal from the timing controller 160.
The source driver IC 130 may convert the digital video data
into analog data voltages according to the source control
signal and may respectively supply the analog data voltages
to the data lines. If the source drive IC 130 1s manufactured
as a driving chip, the source drive IC 130 may be mounted
on the flexible film 140 1n a chip-on film (COF) type or a
chip-on plastic (COP) type.

A plurality of pads such as data pads may be provided 1n
the non-display area NDA of the display panel 110. Lines
connecting the pads to the source drive 1C 130 and lines
connecting the pads to lines of the circuit board 150 may be
provided on the flexible film 140. The flexible film 140 may
be attached on the pads by using an anisotropic conductive
film, and thus, the pads may be connected to the lines of the
flexible film 140.

The circuit board 150 may be attached on the tlexible film
140 which 1s provided 1n plurality. A plurality of circuits
implemented as driving chips may be mounted on the circuit
board 150. For example, the timing controller 160 may be
mounted on the circuit board 150. The circuit board 150 may
be a printed circuit board (PCB) or a flexible printed circuit
board (FPCB).

The timing controller 160 may receive the digital video
data and a timing signal from an external system board (not
shown) through cables of the circuit board 150. The timing
controller 160 may generate a gate control signal for con-
trolling an operation timing of the gate driver 120 and a
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source control signal for controlling the source drive IC 130
which 1s provided in plurality, based on the timing signal.
The timing controller 60 may supply the gate control signal
to the gate driver 120 and may supply the source control
signal to the plurality of source drive 1Cs 130.

FIG. 4 1s a circuit diagram illustrating an example of a
pixel of FIG. 3. In FIG. 4, for convenience ol description,
only a pixel P connected to a jth (where j 1s an integer equal
to or more than two) data line Dy, a gth (where g 1s an integer
equal to or more than two) reference voltage line Rq, a kth
(where k 1s an integer equal to or more than two) gate line
Gk, and a kth (where k 1s an integer equal to or more than
two) mmtialization line SEKk 1s illustrated.

Referring to FIG. 4, the pixel P may include an organic
light emitting device OLED, a driving transistor DT, a
plurality of switching transistors ST1 and ST2, and a capaci-
tor Cst. The plurality of switching transistors ST1 and ST2

may include first and second switching transistors ST1 and
ST2.

The organic light emitting device OLED may emit light
with a current supplied through the driving transistor DT. An
anode electrode of the organic light emitting device OLED
may be connected to a source electrode of the driving
transistor DT, and a cathode electrode may be connected to
a first source voltage line VSSL through which a first source
voltage 1s supplied. The first source voltage line VSSL may
be a low-level voltage line through which a low-level source
voltage 1s supplied.

The organic light emitting device OLED may include the
anode electrode, a hole transporting layer, an organic light
emitting layer, an electron transporting layer, and the cath-
ode electrode. When a voltage 1s applied to the cathode
electrode and the anode electrode, a hole and an electron
may respectively move to the organic light emitting layer
through the hole transporting layer and the electron trans-
porting layer and may be combined with each other 1n the
organic light emitting layer to emit light.

The driving transistor DT may be disposed between the
organic light emitting device OLED and a second source
voltage line VDDL through which a second source voltage
1s supplied. The driving transistor DT may control a current
flowing from the second source voltage line VDDL to the
organic light emitting device OLED, based on a voltage
difference between a gate electrode and a source electrode of
the driving transistor DT. The gate electrode of the driving
transistor D'T may be connected to a first electrode of the first
switching transistor ST1, the source electrode may be con-
nected to the anode electrode of the organic light emitting,
device OLED, and a drain electrode may be connected to the
second source voltage line VDDL. The second source volt-
age line VDDL may be a high-level source voltage line
through which a high-level source voltage 1s supplied.

The first switching transistor ST1 may be turned on by a
kth gate signal of the kth gate line Gk and may supply a
voltage of the jth data line Dj to the gate electrode of the
driving transistor DT. The gate electrode of the first switch-
ing transistor ST1 may be connected to the kth gate line Gk,
the first electrode may be connected to the gate electrode of
the driving transistor DT, and a second electrode may be
connected to the jth data line Dj.

The second switching transistor ST2 may be turned on by
a kth mitialization signal of the kth imitialization line SEk
and may connect the gth reference voltage line Rq to the
source electrode of the driving transistor DT. The gate
clectrode of the second switching transistor ST2 may be
connected to the kth initialization line SEKk, a first electrode

10

15

20

25

30

35

40

45

50

55

60

65

8

may be connected to the gth reference voltage line Rg, and
a second electrode may be connected to the source electrode
of the driving transistor DT.

The first electrode of each of the first and second switch-
ing transistors ST1 and ST2 may be a source electrode, and
the second electrode may be a drain electrode. However, the
present aspect 1s not limited thereto. In other aspects, the first
clectrode of each of the first and second switching transistors
ST1 and ST2 may be a drain electrode, and the second
clectrode may be a source electrode.

The capacitor Cst may be provided between the gate
clectrode and the source electrode of the driving transistor
DT. The capacitor Cst may store a difference voltage
between a gate voltage and a source voltage of the dniving
transistor DT.

One electrode of the capacitor Cst may be connected to
the gate electrode of the driving transistor DT and the first
clectrode of the first switching transistor ST1, and the other
clectrode may be connected to the source electrode of the
driving transistor DT, the second electrode of the second
switching transistor ST2, and the anode electrode of the
organic light emitting device OLED. The one electrode and
the other electrode of the capacitor Cst may each be formed
of a transparent conductive material. A detailed description
on this will be described below with reference to FIGS. 6, 9,
12, and 15.

In FIG. 4, an example where the driving transistor DT and
the first and second switching transistors ST1 and ST2 are
cach formed of an N-type metal oxide semiconductor field
cllect transistor (MOSFET) has been described, but the
present disclosure 1s not limited thereto. The driving tran-
sistor DT and the first and second switching transistors ST1
and ST2 may each be formed of a P-type MOSFET.

FIG. 5 1s a circuit diagram illustrating another example of
a pixel of FIG. 3. In FIG. 5, for convenience of description,
only a pixel P connected to a jth (where 7 1s an 1integer equal
to or more than two) data line Dy, a kth (where k 1s an integer
equal to or more than two) gate line Gk, a kth (where k 1s
an 1mteger equal to or more than two) mitialization line SEK,
and a kth (where k 1s an integer equal to or more than two)
emission line EMKk 1s illustrated.

Retferring to FIG. 5, the pixel P may include an organic
light emitting device OLED, a dnving transistor DT, a
plurality of switching transistors ST1 to ST5, and a capacitor
Cst. The plurality of switching transistors ST1 to ST5 may
include first to fifth switching transistors ST1 to STS.

The organic light emitting device OLED may emit light
with a current supplied through the driving transistor DT. An
anode electrode of the organic light emitting device OLED
may be connected to a drain electrode of the driving tran-
sistor DT, and a cathode electrode may be connected to a
first source voltage line VSSL through which a first source
voltage 1s supplied. The first source voltage line VSSL may
be a low-level voltage line through which a low-level source
voltage 1s supplied.

The organic light emitting device OLED may include the
anode electrode, a hole transporting layer, an organic light
emitting layer, an electron transporting layer, and the cath-
ode electrode. When a voltage 1s applied to the cathode
electrode and the anode electrode, a hole and an electron
may respectively move to the organic light emitting layer
through the hole transporting layer and the electron trans-
porting layer and may be combined with each other 1n the
organic light emitting layer to emit light.

The driving transistor DT may be disposed between the
organic light emitting device OLED and a second source
voltage line VDDL through which a second source voltage
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1s supplied. The driving transistor DT may control a current
flowing from the second source voltage line VDDL to the
organic light emitting device OLED, based on a voltage
difference between a gate electrode and a source electrode of
the driving transistor DT. The gate electrode of the driving
transistor DT may be connected to one electrode of the
capacitor Cst and a second electrode of the second switching
transistor ST2, the source electrode may be connected to the
anode electrode of the organic light emitting device OLED,
and a drain electrode may be connected to the second source
voltage line VDDL. The second source voltage line VDDL
may be a high-level source voltage line through which a
high-level source voltage 1s supplied.

The first switching transistor ST1 may be turned on by a
kth gate signal of the kth gate line Gk and may supply a
voltage of the jth data line Dy to the other electrode of the
capacitor Cst. A gate electrode of the first switching tran-
sistor ST1 may be connected to the kth gate line Gk, the first
clectrode may be connected to the jth data line Dj, and a
second electrode may be connected to the other electrode of
the capacitor Cst.

The second switching transistor ST2 may be turned on by
a kth mitialization signal of the kth mitialization line SEk
and may connect the gate electrode and the drain electrode
of the driving transistor D'T. A gate electrode of the second
switching transistor ST2 may be connected to the kth
iitialization line SEK, a first electrode may be connected to
the drain electrode of the driving transistor DT, and a second
clectrode may be connected to the gate electrode of the
driving transistor DT.

The third switching transistor ST3 may be turned on by a
kth emission signal of the kth emission line EMk and may
iitialize the other electrode of the capacitor Cst to a
reference voltage. A gate electrode of the third switching
transistor ST3 may be connected to the kth emission line
EMk, a first electrode may be connected to the other
clectrode of the capacitor Cst, and a second electrode may
be connected to a reference line RL through which the
reference voltage 1s supplied.

The fourth switching transistor ST4 may be turned on by
the kth emission signal of the kth emission line EMk and
may connect the drain electrode of the driving transistor DT
to the anode electrode of the organic light emitting device
OLED. A gate electrode of the fourth switching transistor
ST4 may be connected to the kth emission line EMK, a first
clectrode may be connected to the drain electrode of the
driving transistor DT, and a second electrode may be con-
nected to the anode electrode of the organic light emitting
device OLED.

The fifth switching transistor S'T5 may be turned on by the
kth 1nitialization signal of the kth initialization line SEk and
may 1mtialize the anode electrode of the organic light
emitting device OLED to the reference voltage. A gate
clectrode of the fifth switching transistor ST5 may be
connected to the kth initialization line SEKk, a first electrode
may be connected to the anode electrode of the organic light
emitting device OLED, and a second electrode may be
connected to the reference voltage line RL.

The first electrode of each of the first to fifth switching
transistors ST1 to ST5 may be a source electrode, and the
second electrode may be a drain electrode. However, the
present aspect 1s not limited thereto. In other aspects, the first
clectrode of each of the first to second switching transistors
ST1 to ST5 may be a drain electrode, and the second
clectrode may be a source electrode.

The capacitor Cst may be provided between the gate
clectrode of the driving transistor DT and the second elec-
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trode of the first switching transistor ST1. The capacitor Cst
may store a diflerence voltage between a voltage at the gate
clectrode of the driving transistor DT and a voltage at the
second electrode of the first switching transistor ST1.

One electrode of the capacitor Cst may be connected to
the gate electrode of the driving transistor DT and the second
clectrode of the second switching transistor ST2, and the
other electrode may be connected to the second electrode of
the first switching transistor ST1 and the first electrode of the
third switching transistor ST3. The one electrode and the
other electrode of the capacitor Cst may each be formed of
a transparent conductive material. A detailed description on
this will be described below with reference to FIGS. 6,9, 12,
and 15.

In FIG. 5, an example where the driving transistor DT and
the first to second switching transistors ST1 to ST5 are each
formed of a P-type MOSFET has been described, but the
present disclosure 1s not limited thereto. The driving tran-
sistor DT and the first to second switching transistors ST1 to
STS may each be formed of an N-type MOSFET.

FIG. 6 1s a cross-sectional view illustrating a driving
transistor, a switching transistor, a capacitor, and an organic
light emitting device according to an aspect of the present
disclosure. FIG. 6 1s a cross-sectional view 1llustrating an
example taken along line I-I' of FIG. 3.

Referring to FIG. 6, a bufler layer 210 may be formed on
one surtace of a first substrate 111 facing a second substrate
112, for protecting a plurality of TFTs from water which
penetrates through the first substrate 111 vulnerable to
penetration of water. The bufler layer 210 may include a
plurality of mnorganic layers which are alternately stacked.
For example, the bufler layer 210 may be formed of a
multilayer where one or more of silicon oxide (510x),
silicon nmitride (SiNx), and silicon oxymtride (S10ON) are
alternately stacked.

A driving transistor 220, a switching transistor 230, and a
capacitor 250 may be formed on the bufler layer 210. The
switching transistor 230 illustrated 1n FIG. 6 may be the
second switching transistor ST1 of FIG. 4, the first switching
transistor ST1 of FIG. §, or the third switching transistor
ST1 of FIG. 5.

The driving transistor 220 may include an active layer
221, a gate electrode 222, a first electrode 223, and a second
clectrode 224. In FIG. 4, the driving transistor 220 1is
illustrated as being formed as a top gate type where the gate
clectrode 222 1s disposed on the active layer 221, but 1s not
limited thereto. In other aspects, the driving transistor 220
may be formed as a bottom gate type, where the gate
clectrode 222 1s disposed under the active layer 221, or a
double gate type where the gate electrode 222 i1s disposed
both on and under the active layer 221 1s disposed.

The active layer 221 may be formed on the bufler layer
210. The active layer 221 may be formed of a silicon-based
semiconductor material or an oxide-based semiconductor
material. A light blocking layer for blocking external light
incident on the active layer 221 may be formed on the first
substrate 110.

A gate 1nsulation layer 230 may be formed on the active
layer 221. The gate insulation layer 230 may be formed of
an morganic layer, for example, S10x, SiNx, or a multilayer
thereof.

The gate electrode 222 may be formed on the gate
insulation layer 230. The gate electrode 222 may include a
bottom gate electrode 222a formed of a transparent conduc-
tive material and a top gate electrode 2226 formed of an
opaque conductive material. The bottom gate electrode 222qa
may be formed of a transparent conductive material (for
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example, transparent conductive oxide (TCQO)) such as
indium tin oxide (ITO), indium zin oxide (IZ0), or the like.
The top gate electrode 2225 may be formed of a single layer
or a multilayer including one of molybdenum (Mo), alumi-
num (Al), chromium (Cr), gold (Au), titanium (11), nickel
(N1), neodymium (Nd), and copper (Cu) or an alloy thereof.

An mterlayer dielectric 260 may be formed on the gate
clectrode 222. The mterlayer dielectric 260 may be formed
of an 1norganic layer, for example, S10_, SiIN_, or a multi-
layer thereof.

A first electrode 223 and a second electrode 224 may be
formed on the iterlayer dielectric 260. Each of the first
clectrode 223 and the second electrode 224 may be con-
nected to the active layer 221 through a contact hole CT1
which passes through the gate insulation layer 230 and the
interlayer dielectric 260. In FIG. 6, the first electrode 223
being connected to the active layer 221 through the contact
hole CT1 1s omitted for illustrating an example where the
one electrode 251 of the capacitor 250 extends from the
bottom gate electrode 222a of the driving transistor 220. The
first electrode 223 and the second electrode 224 may each be
formed of a single layer or a multilayer including one of
molybdenum (Mo), aluminum (Al), chromimum (Cr), gold
(Au), titammum (T11), nickel (N1), neodymium (Nd), and
copper (Cu) or an alloy thereof.

The switching transistor 230 may include an active layer
231, a gate electrode 232, a first electrode 233, and a second
clectrode 234. The active layer 231, the gate electrode 232,
the first electrode 233, and the second electrode 234 of the
switching transistor 230 are substantially the same as the
active layer 221, the gate electrode 222, the first electrode
223, and the second electrode 224 of the driving transistor
220. Thus, detailed descriptions of the active layer 231, the
gate electrode 232, the first electrode 233, and the second
clectrode 234 of the switching transistor 230 are omitted.

The capacitor 250 may include one electrode 251 and the
other electrode 252. The one electrode 251 and the other
clectrode 252 may overlap each other with at least one
insulation layer therebetween. For example, as 1n FIG. 6, the
one electrode 251 and the other electrode 252 may overlap
cach other with the interlayer dielectric 260 therebetween.

The one electrode 251 may be formed on the gate 1nsu-
lation layer 240 to extend from the bottom gate electrode
222a of the driving transistor 220. The one electrode 251
may be formed of a material which 1s the same as that of the
bottom gate electrode 222a of the driving transistor 220. For
example, the one electrode 251 may be formed of a trans-
parent conductive material (for example, transparent con-
ductive oxide (TCO)) such as mdium tin oxide (ITO),
indium zin oxide (IZ0), or the like.

The other electrode 252 may be connected to a top of the
second electrode 234 of the switching transistor 230, on the
interlayer dielectric 260. In FIG. 6, for convenience of
description, an example where the other electrode 252 1s
connected to the top of the second electrode 234 of the
switching transistor 230 1s 1llustrated, but the present aspect
1s not limited thereto. In other aspects, the other electrode
252 may be connected to a top of the first electrode 233 of
the switching transistor 230. The other electrode 252 may be
formed of a transparent conductive material ({for example,
transparent conductive oxide (TCO)) such as indium tin

oxide (ITO), mndium zin oxide (IZ0O), or the like.

Since the one electrode 251 and the other electrode 252
are each formed of a transparent conductive material, the
one electrode 251 and the other electrode 252 may be
disposed to overlap an emissive part EA. The emissive part
EA, as 1in FIG. 6, may be an area where an anode electrode
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291, an organic light emitting layer 292, and a cathode
clectrode 293 are sequentially stacked to configure the
organic light emitting device 290, and may be an area where
the organic light emitting device 290 emits certain light.

That 1s, 1n an aspect of the present disclosure, the one
clectrode 251 and the other electrode 252 of the capacitor
250 may be formed to overlap each other with the interlayer
dielectric 260 therebetween and may each be formed of a
transparent conductive material. As a result, 1n an aspect of
the present disclosure, the one electrode 251 and the other
clectrode 2352 of the capacitor 250 may be disposed to
overlap the emissive part EA. Therefore, an area of a driving
part DA 1s reduced, thereby enlarging an area of a transmis-
stve part TA. Accordingly, in an aspect of the present
disclosure, a transmittance of the transparent display device
1ncreases.

A passivation layer 270 may be formed on the drniving
transistor 220, the switching transistor 230, and the capacitor
250. The passivation layer 270 may correspond to an 1nsu-
lation layer. The passivation layer 270 may be formed of an
inorganic layer, for example, S10_, SiN_, or a multilayer
thereof.

A planarization layer 280 for planarizing a step height
caused by the driving transistor 220, the switching transistor
230, and the capacitor 250 may be formed on the passivation
layer 270. The planarization layer 280 may correspond to an
insulation layer. The passivation layer 280 may be formed of
an organic layer such as acryl resin, epoxy resin, phenolic
resin, polyamide resin, polyimide resin, or the like.

The organic light emitting device 290 and a bank 300 may
be formed on the planarization layer 280. The organic light
emitting device 290 may include the anode electrode 291,
the organic light emitting layer 292, and the cathode elec-
trode 293. An area where the anode electrode 291, the
organic light emitting layer 292, and the cathode electrode
293 are sequentially stacked may be defined as the emissive
part EA.

The anode electrode 291 may be formed on the planariza-
tion layer 280. The anode electrode 291 may be connected
to the second electrode 224 of the driving transistor 220
through a contact hole C12 passing through the planariza-
tion layer 280. The anode electrode 291 may be formed of
a transparent conductive material (TCO), such as ITO, I1Z0,
or the like, or a semi-transmissive conductive material such
as magnesium (Mg), silver (Ag), or an alloy of Mg and Ag.

The bank 300 may divide the emissive part EA. The bank
300 may be formed on the planarization layer 280 to cover

an edge of the anode electrode 291.
The bank 300 may include a black bank 301 and a

transparent bank 302. The black bank 301 may be disposed
on the driving part DA to cover the driving part DA, for
preventing image visibility from being reduced by retlection
of external light. That 1s, as 1n FIG. 6, the black bank 301
may be disposed to cover the driving transistor 220 and the
switching transistor 230 of the driving part DA. The black
bank 301 may include a material for absorbing light. For
example, the black bank 301 may be an organic layer (for
example, a black organic layer) having a certain color.

The transparent bank 302 may be formed to cover the
black bank 301. Also, the transparent bank 302 may be
formed between adjacent emissive parts EA. The transparent
bank 302 may be formed of an organic layer such as acryl
resin, epoxy resin, phenolic resin, polyamide resin, polyim-
ide resin, or the like.

The organic light emitting layer 292 may be formed on the
anode electrode 291 and the bank 300. The organic light

emitting layer 292 may include a hole transporting layer, a
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light emitting layer, and an electron transporting layer. In
this case, when a voltage 1s applied to the anode electrode
291 and the cathode electrode 293, a hole and an electron
may respectively move to the light emitting layer through
the hole transporting layer and the electron transporting
layer and may be combined with each other in the light
emitting layer to emit light.

The organic light emitting layer 292 may be configured
with a white light emitting layer which emits white light. In
this case, as 1n FIG. 6, the organic light emitting layer 292
may be formed to cover the anode electrode 291 and the

bank 300, and a color filter 320 may be formed on the second
substrate 112.

Alternatively, the organic light emitting layer 292 may be
a red light emitting layer emitting red light, a green light
emitting layer emitting green light, or a blue light emitting
layer emitting blue light. In this case, the organic light
emitting layer 292 may be formed 1n an area corresponding
to the emissive part EA, and the color filter 320 may not be
formed on the second substrate 112.

The cathode electrode 293 may be formed on the organic
light emitting layer 292. In a case where an organic light
emitting display device 1s implemented 1n a top emission
structure, the cathode electrode 293 may be formed of a
transparent conductive material (TCQO), such as I1TO, 1Z0,
and the like, or a semi-transmissive conductive material
such as magnesium (Mg), silver (Ag), and an alloy of Mg
and Ag. A capping layer may be formed on the cathode
clectrode 293.

An encapsulation layer 310 may be formed on the organic
light emitting device 290. The encapsulation layer 310
prevents oxygen or water from penetrating into the organic
light emitting layer 292 and the cathode electrode 293. To
this end, the encapsulation layer 290 may include at least
one morganic layer and at least one organic layer.

For example, the encapsulation layer 290 may include a
first inorganic layer, an organic layer, and a second 1mnorganic
layer. In this case, the first inorganic layer may be formed on
the cathode electrode 293 to cover the cathode electrode
293. The organic layer may be formed on the first inorganic
layer to cover the first inorganic layer. The organic layer may
be formed to have a suilicient thickness, for preventing
particles from penetrating into the organic light emitting
layer 292 and the cathode electrode 293 via the first 1nor-
ganic layer. The second inorganic layer may be formed on
the organic layer to cover the organic layer. Each of the first
and second inorganic layers may be formed of silicon
nitride, aluminum nitride, zirconium nitride, titanium
nitride, hatnium nitride, tantalum nitride, silicon oxide,
aluminum oxide, titanium oxide, and/or the like. The organic
layer may be transparently formed for transmitting light L
emitted from the organic light emitting layer 292. The
organic layer may be formed of an organic material capable
of transmitting 99% or more of the light L. emitted from the
organic light emitting layer 292.

In a case where the organic light emitting device 290
emits white light, a plurality of color filters and a black
matrix may be formed on the second substrate 112 facing the
first substrate 111. In a case where the organic light emitting
device 290 emits one of red light, green light, and blue light,
the color filters and the black matrix may not be provided on
the second substrate 112.

The first substrate 111 may be bonded to the second
substrate 112 by an adhesive layer 320. The adhesive layer
320 may include a transparent adhesive resin or a transpar-
ent adhesive film.
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As described above, 1n an aspect of the present disclosure,
the one electrode 251 and the other electrode 252 of the
capacitor 2350 may be formed to overlap each other with the
interlayer dielectric 260 therebetween and may each be
formed of a transparent conductive maternial. As a result, 1n
an aspect of the present disclosure, the one electrode 251 and
the other electrode 252 of the capacitor 250 may be disposed
to overlap the emissive part EA. Therelore, an area of a
driving part DA 1s reduced, thereby enlarging an area of a
transmissive part TA. Accordingly, in an aspect of the
present disclosure, a transmittance of the transparent display
device increases.

Moreover, 1n an aspect of the present disclosure, the
anode electrode 291 and the cathode electrode 292 of the
organic light emitting device 290 may each be formed of a
metal material capable of transmitting light. As a result, in
an aspect of the present disclosure, light emitted from the
emissive part EA may be output to the first substrate 111 and
the second substrate 112. That 1s, 1n an aspect of the present
disclosure, the transparent display device may be imple-
mented as a double-sided display device which enables a
user to view an 1mage at the front and the rear.

Moreover, 1n an aspect of the present disclosure, the
anode electrode 291 and the cathode electrode 292 of the
organic light emitting device 290 may each be formed of a
metal material capable of transmitting light. As a result, in
an aspect of the present disclosure, the emissive part EA may
act as a transmissive part TA which transmaits incident light
as-1s.

Furthermore, 1n an aspect of the present disclosure, due to
the black bank 302, a visibility of an image 1s prevented
from being reduced by retlection of external light.

FIG. 7 1s a flowchart illustrating a method of manufac-
turing a transparent display device according to an aspect of
the present disclosure. FIGS. 8A to 8] are cross-sectional
views 1llustrating a method of manufacturing a transparent
display device according to an aspect of the present disclo-
sure. The cross-sectional views 1llustrated 1n FIGS. 8 A to 81
relate to a method of manufacturing a transparent display
device 1llustrated 1in FIG. 6, and thus, like reference numer-
als refer to like elements.

Hereinafter, a method of manufacturing a transparent

display device according to an aspect of the present disclo-
sure will be described in more detail with reference to FIGS.
7 and 8A to 8J.

First, as in FIG. 8 A, a bufler layer 210 may be formed on
a first substrate 111, for protecting elements from water
which penetrates through the first substrate 111. The bufler
layer 210 may include a plurality of inorganic layers which
are alternately stacked, for protecting a TFT 220 and an
organic light emitting device 290 from water which pen-
ctrates through the first substrate 111 vulnerable to penetra-
tion of water. For example, the bufler layer 210 may be
formed of a multilayer where one or more of silicon oxide
(S10_), silicon nitride (SiN_), and silicon oxynitride (S1ON)
are alternately stacked. The bufler layer 210 may be formed
by a chemical vapor deposition (CVD) process.

An active layer 221 of a driving transistor and an active
layer 231 of a switching transistor may be formed on the
bufler layer 210. In detail, an active metal layer may be
formed all over the bufller layer 210 by using a sputtering
process or a metal organic chemical vapor deposition
(MOCVD) process. Subsequently, the active layers 221 and
231 may be formed by patterning the active metal layer
through a mask process using a photoresist pattern. The
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active layers 221 and 231 may each be formed of a silicon-
based semiconductor material or an oxide-based semicon-
ductor matenal.

Subsequently, a gate insulation layer 240 may be formed
on the active layers 221 and 231. The gate msulation layer
240 may be formed of an inorganic layer, for example, S10_,
SiN ., or a multilayer thereof. (shown in S101 of FIG. 7)

Second, the gate mnsulation layer 240 may be formed on
the active layers 221 and 231, and as in FIGS. 8B to 8D, one
clectrode 251 of a capacitor 250, a plurality of bottom gate
clectrodes 222a and 232q, and a plurality of top gate
clectrodes 2226 and 2326 may be formed on the gate
insulation layer 240 by using a halftone mask process.

The gate insulation layer 240 may be formed of an
inorganic layer, for example, S10x, SiNx, or a multilayer
thereof. The gate insulation layer 240 may be formed
through a CVD process.

Subsequently, as in FIG. 8B, a first metal layer M1 may
be formed all over the gate msulation layer 240 by using a
sputtering process or an MOCVD process, and a second
metal layer ML2 may be formed all over the first metal layer
ML1. As 1 FIG. 8B, a photoresist pattern PR having a {irst
thickness may be formed 1n an area where the one electrode
251 1s to be formed on the second metal layer ML2, and a
photoresist pattern PR having a second thickness thicker
than the first thickness may be formed 1n an area where the
top gate electrodes 2226 and 2325 are to be formed.

Subsequently, as 1mn FIG. 8C, the first and second metal
layers MLL1 and ML2 may be patterned by performing an
ctching process. Subsequently, when an ashing process of
removing the photoresist pattern PR having the first thick-
ness 1s performed, as in FIG. 8C, the photoresist pattern PR
may remain in only an area where the top gate electrodes
222bH and 2326 are to be formed.

Subsequently, as in FIG. 8D, the one electrode 251 of the
capacitor 250 and the bottom gate electrodes 222a and 232a
may be formed by removing the second metal layer M2
through an etching process, and when an ashing process of
removing the photoresist pattern PR 1s performed, as in FIG.
8D, the top gate electrodes 2225 and 23256 may be formed.

The one electrode 251 of the capacitor 250 and the bottom
gate electrode 222a may be formed of a transparent con-
ductive material (TCO) such as mndium tin oxide (ITO),
indium zin oxide (IZ0), or the like. The top gate electrode
222b may be formed of a single layer or a multilayer
including one of molybdenum (Mo), aluminum (Al), chro-
mium (Cr), gold (Au), titantum (11), nickel (N1), neodymium
(Nd), and copper (Cu) or an alloy thereotf. (8102 of FIG. 7)

Third, as 1n FIG. 8E, an interlayer dielectric 260 may be
formed on the one electrode 2351 of the capacitor 250 and the
gate electrode 222, and a plurality of first electrodes 223 and
233 and a plurality of second electrodes 224 and 234 may be
formed on the mterlayer dielectric 260.

In detail, the interlayer dielectric 260 may be formed of an
inorganic layer, for example, S10_, SiN_, or a multilayer
thereot. The interlayer dielectric 260 may be formed through
a CVD process.

Subsequently, a plurality of contact holes CT1 which pass
through the gate isulation layer 240 and the interlayer
dielectric 260 and expose the active layer 221 may be
formed.

Subsequently, the first electrodes 223 and 233 and the
second electrodes 224 and 234 may be formed on the
interlayer dielectric 260. In detail, a third metal layer may be
formed all over the interlayer dielectric 260 by using a
sputtering process or an MOCVD process. Subsequently, the
first electrodes 223 and 233 and the second electrodes 224
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and 234 may be formed by patterning the third metal layer
through a mask process using a photoresist pattern. Each of
the first and second electrodes 223 and 224 may be con-
nected to the active layer 221 through a corresponding
contact hole CT1 which passes through the gate msulation
layer 230 and the interlayer dielectric 260, and each of the
first and second electrodes 233 and 234 may be connected to

the active layer 231 through a corresponding contact hole
CT1.

The first electrodes 223 and 233 and the second electrodes
224 and 234 may be formed of a single layer or a multilayer
including one of molybdenum (Mo), aluminum (Al), chro-
mium (Cr), gold (Au), titantum (11), nickel (N1), neodymium
(Nd), and copper (Cu) or an alloy thereof. (shown 1n S103
of FIG. 7)

Fourth, as 1n FIG. 8F, the other electrode 252 of the
capacitor 250 may be formed on a top of the first electrode
233 or the second electrode 234 of the switching transistor
230 and the mterlayer dielectric 260. In detail, a fourth metal
layer may be formed on the interlayer dielectric 260 and a
top of each of the first electrodes 223 and 233 and the second
clectrodes 224 and 234 by using a sputtering process or an
MOCVD process. Subsequently, the other electrode 252 of
the capacitor 250 may be formed by patterming the fourth
metal layer through a mask process using a photoresist
pattern.

The other electrode 252 of the capacitor 250 may be
formed of a transparent conductive material (TCO) such as
ITO, IZO, or the like. (shown 1n S104 of FIG. 7)

Fifth, as 1 FIG. 8G, a passivation layer 270 may be
formed on the driving transistor 220, the switching transistor
230, and the capacitor 250. The passivation layer 270 may
be formed of an 1norganic layer, for example, S10_, SiN_, or
a multilayer thereof. The passivation layer 270 may be
formed through a CVD process.

Subsequently, as 1n FIG. 8G, a planarization layer 280 for
planarizing a step height caused by the driving transistor
220, the switching transistor 230, and the capacitor 250 may
be formed on the passivation layer 270. The planarization
layer 280 may be formed of an organic layer such as acryl
resin, epoxy resin, phenolic resin, polyamide resin, polyim-
ide resin, or the like. The planarization layer 280 may be
formed through a CVD process. (shown i S105 of FIG. 7)

Sixth, as in FIG. 8H, an anode electrode 291, a bank 300,
an organic light emitting layer 292, and a cathode electrode
293 may be sequentially formed.

In detail, the fourth metal layer may be formed all over the
planarization layer 280 by using a sputtering process or an
MOCVD process. Subsequently, the anode electrode 291
may be formed by patterning the fourth metal layer through
a mask process using a photoresist pattern. The anode
clectrode 291 may be connected to a drain electrode 224 of
the driving transistor 220 through a contact hole C'12 which
passes through the passivation layer 270 and the planariza-
tion layer 280. The anode electrode 291 may be formed of
a transparent conductive material (TCO) such as I'TO or IZ0
capable of transmitting light, or a semi-transmissive con-
ductive material such as magnesium (Mg), silver (Ag), or an
alloy of Mg and Ag.

Subsequently, the bank 300 may be formed on the pla-
narization layer 280 to cover an edge of the anode electrode
291, for dividing the emissive part EA. The bank 300 may
include a black bank 301 and a transparent bank 302. The
black bank 301 may include a matenial for absorbing light.
For example, the black bank 301 may be an organic layer
(for example, a black organic layer) having a certain color.
The transparent bank 302 may be formed of an organic layer
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such as acryl resin, epoxy resin, phenolic resin, polyamide
resin, polyimide resin, or the like.

Subsequently, the organic light emitting layer 292 may be
formed on the anode electrode 291 and the bank 300. The
organic light emitting layer 292 may be formed through a
deposition process or a solution process. In a case where the
organic light emitting layer 292 is formed through a depo-
sition process, the organic light emitting layer 292 may be
formed through an evaporation process.

Subsequently, the cathode electrode 293 may be formed
on the organic light emitting layer 292. The cathode elec-
trode 293 may be formed through a sputtering process or an
MOCVD process. The cathode electrode 293 may be formed
ol a transparent conductive material (TCO) such as ITO or
[Z0O capable of transmitting light, or a semi-transmissive
conductive material such as magnesium (Mg), silver (Ag),
or an alloy of Mg and Ag. A capping layer may be formed
on the cathode electrode 283. (shown 1n S106 of FIG. 7)

Seventh, as in FIG. 81, an encapsulation layer 290 may be
formed on the cathode electrode 293. The encapsulation
layer 290 may include at least one inorganic layer and at
least one organic layer. The at least one 1norganic layer may
be formed of silicon nitride, aluminum nitride, zirconium
nitride, titanium nitride, hatnium nitride, tantalum nitride,
silicon oxide, aluminum oxide, titanium oxide, and/or the
like. The organic layer may be formed of a transparent
organic material for transmitting light emitted from the
organic light emitting layer 292. (shown 1n S107 of FIG. 7)

Eighth, as 1n FIG. 8], the first substrate 111 may be
bonded to the second substrate 112 by an adhesive layer 320.
The adhesive layer 320 may include a transparent adhesive
resin or a transparent adhesive film. (shown 1n S108 of FIG.
7)

As described above, 1n an aspect of the present disclosure,
the one electrode 251 and the other electrode 252 of the
capacitor 250 may be formed to overlap each other with the
interlayer dielectric 260 therebetween and may each be
formed of a transparent conductive material. As a result, 1n
an aspect of the present disclosure, the one electrode 251 and
the other electrode 252 of the capacitor 250 may be disposed
to overlap the emissive part EA. Therefore, an area of the
driving part DA 1s reduced, thereby enlarging an area of the
transmissive part TA. Accordingly, 1n an aspect of the
present disclosure, a transmittance of the transparent display
device increases.

Moreover, 1n an aspect of the present disclosure, since the
one clectrode 251 of the capacitor 250, the bottom gate
clectrode 222a, and the top gate electrode 2225 are formed
by using a halftone mask process, the one electrode 251 of
the capacitor 250 may be transparently formed without
adding a mask process. Accordingly, 1n an aspect of the
present disclosure, an increase 1 the manufacturing cost 1s
minimized, and thus, the one electrode 251 and the other
clectrode 252 of the capacitor 250 may be transparently
formed.

FIG. 9 1s a cross-sectional view illustrating a dniving
transistor, a switching transistor, a capacitor, and an organic
light emitting device according to another aspect of the
present disclosure. FIG. 9 1s a cross-sectional view 1llustrat-
ing another example taken along line I-I' of FIG. 3.

A first substrate 111, a second substrate 112, a builer layer
210, a gate msulation layer 240, an interlayer dielectric 260,
a passivation layer 270, a planarization layer 280, an organic
light emitting device 290, a bank 300, an encapsulation layer
310, and an adhesive layer 320 illustrated in FIG. 9 are
substantially the same as the elements described above with
reference to FIG. 6. Also, except that each of gate electrodes
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222 and 232 1s formed of a single layer, a driving transistor
220 and a switching transistor 230 are substantially the same
as the elements described above with reference to FIG. 6.
Therefore, detailed descriptions of the first substrate 111, the
second substrate 112, the bufler layer 210, the driving
transistor 220, the switching transistor 230, the gate 1nsula-
tion layer 240, the interlayer dielectric 260, the passivation
layer 270, the planarization layer 280, the organic light
emitting device 290, the bank 300, the encapsulation layer
310, and the adhesive layer 320 are omutted.

Referring to FI1G. 9, the gate electrode 222 of the driving
transistor 220 and the gate electrode 232 of the switching
transistor 230 may each be formed of a single layer or a
multilayer including one of molybdenum (Mo), aluminum
(Al), chromium (Cr), gold (Au), titanium (T1), nickel (IN1),
neodymium (Nd), and copper (Cu) or an alloy thereof.

The capacitor 250 may include one electrode 251 and the
other electrode 252. The one electrode 251 and the other
clectrode 252 may overlap each other with at least one
insulation layer therebetween. For example, as 1n FIG. 9, the
one electrode 251 and the other electrode 252 may overlap
cach other with the passivation layer 270 therebetween.

The one electrode 251 may be formed on the passivation
layer 270. The one electrode 251 may be connected to a top
of the gate electrode 222 through a contact hole CT3 which
passes through the interlayer dielectric 260 and the passi-
vation layer 270 and exposes the gate electrode 222 of the
driving transistor 220. The one electrode 251 may be formed
of a transparent conductive material (TCO) such as ITO,
[Z0, or the like.

The other electrode 252 may be connected to a top of the
second electrode 234 of the switching transistor 230, on the
interlayer dielectric 260. In FIG. 9, for convenience of
description, an example where the other electrode 2352 1is
connected to the top of the second electrode 234 of the
switching transistor 230 1s 1llustrated, but the present aspect
1s not limited thereto. In other aspects, the other electrode
252 may be connected to a top of the first electrode 233 of
the switching transistor 230. The other electrode 252 may be
formed of a transparent conductive material (TCO) such as
ITO, 170, or the like.

Since the one electrode 251 and the other electrode 252
are each formed of a transparent conductive material, the
one electrode 251 and the other electrode 252 may be
disposed to overlap an emissive part EA. The emissive part
EA, as in FIG. 9, may be an areca where an anode electrode
291, an organic light emitting layer 292, and a cathode
clectrode 293 are sequentially stacked to configure the
organic light emitting device 290, and may be an area where
the organic light emitting device 290 emits certain light.

As described above, 1n an aspect of the present disclosure,
the one electrode 251 and the other electrode 252 of the
capacitor 230 may be formed to overlap each other with the
passivation layer 270 therebetween and may each be formed
ol a transparent conductive material. As a result, 1n an aspect
ol the present disclosure, the one electrode 251 and the other
clectrode 252 of the capacitor 250 may be disposed to
overlap the emissive part EA. Therelore, an area of a driving
part DA 1s reduced, thereby enlarging an area of a transmis-
stve part TA. Accordingly, in an aspect of the present
disclosure, a transmittance of the transparent display device
1ncreases.

FIG. 10 1s a flowchart illustrating a method of manufac-
turing a transparent display device according to another
aspect ol the present disclosure. FIGS. 11A to 11D are
cross-sectional views 1llustrating a method of manufacturing
a transparent display device according to another aspect of
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the present disclosure. The cross-sectional views 1llustrated
in FIGS. 11A to 11D relate to a method of manufacturing a
transparent display device illustrated in FIG. 9, and thus, like
reference numerals refer to like elements.

Hereinafter, a method of manufacturing a transparent

display device according to another aspect of the present
disclosure will be described 1n more detail with reference to
FIGS. 10 and 11A to 11D.

First, as 1n FIG. 11A, a bufler layer 210 may be formed
on a first substrate 111, for protecting elements from water
which penetrates through the first substrate 111. The bufler
layer 210 may include a plurality of inorganic layers which
are alternately stacked, for protecting a TFT 220 and an
organic light emitting device 290 from water which pen-
ctrates through the first substrate 111 vulnerable to penetra-
tion of water. For example, the bufler layer 210 may be
formed of a multilayer where one or more of silicon oxide
(S10_), silicon nitride (SiN_), and silicon oxynitride (S10N)
are alternately stacked. The bufler layer 210 may be formed
by a CVD process.

An active layer 221 of a driving transistor and an active
layer 231 of a switching transistor may be formed on the
bufler layer 210. In detail, an active metal layer may be
tformed all over the bufler layer 210 by using a sputtering
process or a metal organic chemical vapor deposition
(MOCVD) process. Subsequently, the active layers 221 and
231 may be formed by patterning the active metal layer
through a mask process using a photoresist pattern. The
active layers 221 and 231 may each be formed of a silicon-
based semiconductor material or an oxide-based semicon-
ductor matenal.

Subsequently, a gate msulation layer 240 may be formed
on the active layers 221 and 231. The gate msulation layer
240 may be formed of an inorganic layer, for example, S10_,
SIN , or a multilayer thereof.

Subsequently, the gate insulation layer 240 may be
tformed on the active layers 221 and 231. The gate insulation
layer 240 may be formed of an inorganic layer, for example,
S10_, SIN_, or a multilayer thereof. The gate insulation layer
240 may be formed through a CVD process.

Subsequently, a gate electrode 222 of the driving transis-
tor and a gate electrode 232 of the switching transistor may
be formed on the gate insulation layer 240. In detail, a first
metal layer may be formed all over the gate insulation layer
240 by using a sputtering process or an MOCVD process.
Subsequently, the gate electrodes 222 and 223 may be
formed by patterning the first metal layer through a mask
process using a photoresist pattern. The gate electrode 222
may be formed of a single layer or a multilayer including,
one of molybdenum (Mo), aluminum (Al), chromium (Cr),
gold (Au), titanium ('11), nickel (N1), neodymium (INd), and
copper (Cu) or an alloy thereof.

Subsequently, an interlayer dielectric 260 may be formed
on the gate electrode 222. The interlayer dielectric 260 may
be formed of an 1norganic layer, for example, S10_, SIN_, or
a multilayer thereol. The interlayer dielectric 260 may be
formed through a CVD process.

Subsequently, a plurality of contact holes CT1 which pass
through the gate isulation layer 240 and the interlayer
dielectric 260 and expose the active layer 221 may be
formed.

Subsequently, the first electrodes 223 and 233 and the
second electrodes 224 and 234 may be formed on the
interlayer dielectric 260. In detail, a second metal layer may
be formed all over the interlayer dielectric 260 by using a
sputtering process or an MOCVD process. Subsequently, the
first electrodes 223 and 233 and the second electrodes 224
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and 234 may be formed by patterning the second metal layer
through a mask process using a photoresist pattern. Each of
the first and second electrodes 223 and 224 may be con-
nected to the active layer 221 through a corresponding
contact hole CT1 which passes through the gate msulation
layer 230 and the interlayer dielectric 260, and each of the
first and second electrodes 233 and 234 may be connected to
the active layer 231 through a corresponding contact hole
CT1. The first electrodes 223 and 233 and the second
clectrodes 224 and 234 may each be formed of a single layer
or a multilayer including one of molybdenum (Mo), alumi-
num (Al), chromium (Cr), gold (Au), titanium (1), nickel
(N1), neodymium (INd), and copper (Cu) or an alloy thereof.
(S201 of FIG. 10)

Second, as in FIG. 11B, the other electrode 252 of the
capacitor 250 may be formed on a top of the first electrode
233 or the second electrode 234 of the switching transistor
230 and the mterlayer dielectric 260. In detail, a third metal
layer may be formed on the interlayer dielectric 260 and a
top of each of the first electrodes 223 and 233 and the second
clectrodes 224 and 234 by using a sputtering process or an
MOCVD process. Subsequently, the other electrode 252 of
the capacitor 250 may be formed by patterning the third
metal layer through a mask process using a photoresist
pattern.

The other electrode 252 of the capacitor 250 may be
formed of a transparent conductive material (TCO) such as
ITO, IZO, or the like. (shown 1n S202 of FIG. 10)

Third, as 1 FIG. 11C, a passivation layer 270 may be
formed on the driving transistor 220, the switching transistor
230, and the capacitor 250. The passivation layer 270 may
be formed of an morganic layer, for example, S10_, SIN_, or
a multilayer thereof. The passivation layer 270 may be
formed through a CVD process.

Subsequently, as 1n FIG. 11C, a contact hole C13 which
passes through the interlayer dielectric 260 and the passi-
vation layer 270 and exposes the gate electrode 222 of the
driving transistor 220 may be formed.

Subsequently, as 1 FIG. 11C, one electrode 251 of the
capacitor 250 may be formed on the passivation layer 270.
In detail, a fourth metal layer may be formed on the
passivation layer 250 by using a sputtering process or an
MOCVD process. Subsequently, the one electrode 251 of
the capacitor 250 may be formed by patterning the fourth
metal layer through a mask process using a photoresist
pattern. The one electrode 251 of the capacitor 250 may be
connected to the gate electrode 222 of the driving transistor
220 through the contact hole CT3 which passes through the
interlayer dielectric 260 and the passivation layer 270.

The other electrode 252 of the capacitor 250 may be
formed of a transparent conductive material (TCO) such as
ITO, 1Z0, or the like. (shown 1n 5203 of FIG. 10)

Fourth, as in FIG. 11D, a planarization layer 280 for
planarizing a step height caused by the dniving transistor
220, the switching transistor 230, and the capacitor 250 may
be formed on the passivation layer 270. The planarization
layer 280 may be formed of an organic layer such as acryl
resin, epoxy resin, phenolic resin, polyamide resin, polyim-
ide resin, or the like. The planarization layer 280 may be
formed through a CVD process. (shown in S204 of FIG. 10)

Operations S205 to S207 of FIG. 10 are substantially the
same as operations S106 to S108 of FIG. 7, and thus, their
detailed descriptions are omitted.

As described above, 1n an aspect of the present disclosure,
the one electrode 251 and the other electrode 252 of the
capacitor 230 may be formed to overlap each other with the
passivation layer 270 therebetween and may each be formed
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ol a transparent conductive material. As a result, 1n an aspect
of the present disclosure, the one electrode 251 and the other
clectrode 252 of the capacitor 250 may be disposed to
overlap an emissive part EA. Therefore, an area of a driving
part DA 1s reduced, thereby enlarging an area of a transmis-
stve part TA. Accordingly, in an aspect of the present
disclosure, a transmittance of the transparent display device
1ncreases.

FIG. 12 1s a cross-sectional view illustrating a driving
transistor, a switching transistor, a capacitor, and an organic
light emitting device according to another aspect of the
present disclosure. FIG. 12 1s a cross-sectional view 1llus-
trating another example taken along line I-I' of FIG. 3.

A first substrate 111, a second substrate 112, a builer layer
210, a driving transistor 220, a switching transistor 230, a
gate insulation layer 240, an interlayer dielectric 260, a
passivation layer 270, a planarization layer 280, an organic

light emitting device 290, a bank 300, an encapsulation layer
310, and an adhesive layer 320 illustrated in FIG. 12 are
substantially the same as the elements described above with
reference to FIG. 6, and thus, their detailed descriptions are
omitted.

Referring to FIG. 12, a capacitor 250 may include one
clectrode 251 and the other electrode 252. The one electrode
251 and the other electrode 252 may overlap each other with
at least one 1nsulation layer therebetween. For example, as
in FIG. 9, the one electrode 251 and the other electrode 252
may overlap each other with the gate insulation layer 240
therebetween.

The one electrode 251 1s substantially the same as the one
electrode described above with reference to FIG. 6, and thus,
its detailed description 1s omitted.

The other electrode 252 may be connected to a top of an
active layer 231 of the switching transistor 230, on the bufler
layer 210. Therefore, as in FI1G. 12, a second electrode 234
of the switching transistor 230 may be connected to the other
clectrode 252 through a first contact hole C11. In FIG. 12,
for convenience of description, an example where the other
clectrode 252 1s connected to the second electrode 234 of the
switching transistor 230 1s 1llustrated, but the present aspect
1s not limited thereto. In other aspects, the other electrode
252 may be connected to a first electrode 233 of the
switching transistor 230. The other electrode 252 may be
formed of a transparent conductive material (TCO) such as
ITO, IZ0, or the like.

Since the one electrode 251 and the other electrode 252
are each formed of a transparent conductive material, the
one electrode 251 and the other electrode 252 may be
disposed to overlap an emissive part EA. The emissive part
EA, as 1n FIG. 12, may be an area where an anode electrode
291, an organic light emitting layer 292, and a cathode
clectrode 293 are sequentially stacked to configure the
organic light emitting device 290, and may be an area where
the organic light emitting device 290 emits certain light.

As described above, 1n an aspect of the present disclosure,
the one electrode 251 and the other electrode 252 of the
capacitor 250 may be formed to overlap each other with the
gate insulation layer 240 therebetween and may each be
formed of a transparent conductive material. As a result, 1n
an aspect of the present disclosure, the one electrode 251 and
the other electrode 252 of the capacitor 250 may be disposed
to overlap the emissive part EA. Therefore, an area of a
driving part DA 1s reduced, thereby enlarging an area of a
transmissive part TA. Accordingly, in an aspect of the
present disclosure, a transmittance of the transparent display
device 1ncreases.
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In FIGS. 6,9, and 12, an example where the one electrode
251 and the other electrode 252 of the capacitor 250 overlap
cach other with only one insulation layer (1.e., the gate
insulation layer 240, the interlayer dielectric 260, or the
passivation layer 270) therebetween 1s illustrated, but the
present aspect 1s not limited thereto. In other aspects, the one
clectrode 251 and the other electrode 252 of the capacitor
250 may overlap each other with a plurality of insulation
layers therebetween. For example, 1n a case where the one
clectrode 2351 of the capacitor 250 1s disposed on the buller
layer 210, the other electrode 252 may be disposed on the
interlayer dielectric 260 or the passivation layer 270. Also,
in a case where the one electrode 251 of the capacitor 250
1s disposed on the gate insulation layer 240, the other
clectrode 252 may be disposed on the passivation layer 270.
Also, 1n a case where the one electrode 231 of the capacitor
250 1s disposed on the iterlayer dielectric 240, the other
clectrode 252 may be disposed on the butler layer 210. Also,
in a case where the one electrode 251 of the capacitor 250
1s disposed on the passivation layer 250, the other electrode
252 may be disposed on the bufler layer 210 or the gate
insulation layer 240.

FIG. 13 1s a flowchart 1llustrating a method of manufac-
turing a transparent display device according to another
aspect of the present disclosure. FIGS. 14A to 14F are
cross-sectional views illustrating a method of manufacturing
a transparent display device according to another aspect of
the present disclosure. The cross-sectional views 1llustrated
in FIGS. 14A to 14F relate to a method of manufacturing a
transparent display device illustrated 1n FIG. 12, and thus,
like reference numerals refer to like elements.

Herematter, a method of manufacturing a transparent
display device according to another aspect of the present
disclosure will be described 1n more detail with reference to
FIGS. 13 and 14A to 14F.

First, a buller layer 210 may be formed on a first substrate
111, and an active layer 221 of a driving transistor and an
active layer 231 of a switching transistor may be formed on
the bufler layer 210. Operation S301 of FIG. 13 1s substan-
tially the same as operation S101 of FIG. 7, and thus, its
detailed description 1s omitted. (shown 1n S301 of FIG. 13)

Second, as 1n FIG. 14A, the other electrode 252 of the
capacitor 250 may be formed on the bufler layer 210 and the
active layer 231 of the switching transistor 230. In detail, a
first metal layer may be formed all over the bufler layer 210
and the active layer 231 of the switching transistor 230 by
using a sputtering process or an MOCVD process. Subse-
quently, the other electrode 252 of the capacitor 250 may be
formed by patterning the first metal layer through a mask
process using a photoresist pattern.

The other electrode 252 of the capacitor 250 may be
formed of a transparent conductive material (TCO) such as
ITO, 1Z0, or the like. (shown 1n S302 of FIG. 13)

Third, the gate insulation layer 240 may be formed on the
active layers 221 and 231 and the other electrode 252 of the
capacitor 250, and as 1n FIGS. 14B to 14D, one electrode
251 of the capacitor 250, a plurality of bottom gate elec-
trodes 222a and 232a, and a plurality of top gate electrodes
222H and 232b may be formed on the gate msulation layer
240 by using a halftone mask process.

The gate isulation layer 240 may be formed of an
inorganic layer, for example, S10., SiN_, or a multilayer
thereof. The gate insulation layer 240 may be formed
through a CVD process.

Subsequently, as in FIG. 14B, a second metal layer ML2
may be formed all over the gate insulation layer 240 by
using a sputtering process or an MOCVD process, and a
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third metal layer ML3 may be formed all over the second
metal layer ML2. As 1n FIG. 14B, a photoresist pattern PR
having a first thickness may be formed 1n an area where the
one electrode 251 i1s to be formed on the third metal layer
ML3, and a photoresist pattern PR having a second thickness
thicker than the first thickness may be formed in an area

where the top gate electrodes 2225 and 2326 are to be
formed.

Subsequently, as 1n FIG. 14C, the second and third metal
layers ML2 and ML3 may be patterned by performing an
etching process. Subsequently, when an ashing process of
removing the photoresist pattern PR having the first thick-
ness 1s performed, as 1n FIG. 14C, the photoresist pattern PR
may remain 1n only an area where the top gate electrodes

222b and 2325H are to be formed.

Subsequently, as 1n FIG. 14D, the one electrode 251 of the
capacitor 250 and the bottom gate electrodes 222a and 232a
may be formed by removing the third metal layer ML3
through an etching process, and when an ashing process of
removing the photoresist pattern PR 1s performed, as 1n FIG.
14D, the top gate electrodes 2225 and 2325 may be formed.

The one electrode 251 of the capacitor 250 and the bottom
gate electrode 222a may each be formed of a transparent
conductive material (TCO) such as ITO, IZO, or the like.
The top gate electrode 2225 may be formed of a single layer
or a multilayer including one of molybdenum (Mo), alumi-
num (Al), chromium (Cr), gold (Au), titantum (11), nickel
(N1), neodymium (INd), and copper (Cu) or an alloy thereof.
(shown 1n S303 of FIG. 13)

Fourth, as 1n FIG. 14E, an interlayer dielectric 260 may be
formed on the one electrode 251 of the capacitor 250 and the
gate electrode 222, and a plurality of first electrodes 223 and
233 and a plurality of second electrodes 224 and 234 may be
formed on the iterlayer dielectric 260.

In detail, the interlayer dielectric 260 may be formed of an
inorganic layer, for example, S10., SiN_, or a multilayer
thereot. The interlayer dielectric 260 may be formed through
a CVD process.

Subsequently, a plurality of contact holes CT1 which pass
through the gate insulation layer 240 and the interlayer
dielectric 260 and expose the active layer 221 may be
formed.

Subsequently, the first electrodes 223 and 233 and the
second electrodes 224 and 234 may be formed on the
interlayer dielectric 260. In detail, a fourth metal layer may
be formed all over the interlayer dielectric 260 by using a
sputtering process or an MOCVD process. Subsequently, the
first electrodes 223 and 233 and the second electrodes 224
and 234 may be formed by patterning the fourth metal layer
through a mask process using a photoresist pattern. Each of
the first and second electrodes 223 and 224 may be con-
nected to the active layer 221 through a corresponding
contact hole CT1 which passes through the gate insulation
layer 230 and the interlayer dielectric 260, and each of the
first and second electrodes 233 and 234 may be connected to
the active layer 231 through a corresponding contact hole
CT1.

The first electrodes 223 and 233 and the second electrodes
224 and 234 may be formed of a single layer or a multilayer
including one of molybdenum (Mo), aluminum (Al), chro-
mium (Cr), gold (Au), titantum (11), nickel (N1), neodymium
(Nd), and copper (Cu) or an alloy thereof. (shown 1n S304
of FIG. 13)

Fifth, as 1n FIG. 14F, a passivation layer 270 may be
formed on the driving transistor 220 and the switching
transistor 230. The passivation layer 270 may be formed of
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an 1organic layer, for example, S10_, S1N _, or a multilayer
thereof. The passivation layer 270 may be formed through a
CVD process.

Subsequently, as 1n FIG. 14F, a planarization layer 280 for
planarizing a step height caused by the driving transistor
220, the switching transistor 230, and the capacitor 250 may
be formed on the passivation layer 270. The planarization
layer 280 may be formed of an organic layer such as acryl
resin, epoxy resin, phenolic resin, polyamide resin, polyim-
ide resin, or the like. The planarization layer 280 may be
formed through a CVD process. (8305 of FIG. 13)

Operations S306 to S308 of FIG. 13 are substantially the
same as operations S106 to S108 of FIG. 7, and thus, their
detailed descriptions are omitted.

As described above, 1n an aspect of the present disclosure,
the one electrode 251 and the other electrode 252 of the
capacitor 250 may be formed to overlap each other with the
gate insulation layer 240 therebetween and may each be
formed of a transparent conductive material. As a result, 1n
an aspect of the present disclosure, the one electrode 251 and
the other electrode 252 of the capacitor 250 may be disposed
to overlap an emissive part EA. Therefore, an area of a
driving part DA 1s reduced, thereby enlarging an area of a
transmissive part TA. Accordingly, in an aspect of the
present disclosure, a transmittance of the transparent display
device increases.

Moreover, 1n an aspect of the present disclosure, since the
one electrode 251 of the capacitor 250, the bottom gate
clectrode 2224, and the top gate electrode 2225 are formed
by using a halftone mask process, the one electrode 251 of
the capacitor 250 may be transparently formed without
adding a mask process. Accordingly, 1n an aspect of the
present disclosure, an increase in the manufacturing cost 1s
minimized, and thus, the one electrode 251 and the other
clectrode 252 of the capacitor 250 may be transparently
formed.

FIG. 15 1s a cross-sectional view 1illustrating a driving
transistor, a switching transistor, and a capacitor according,
to another aspect of the present disclosure.

A first substrate 111, a second substrate 112, a builer layer
210, a gate 1insulation layer 240, an interlayer dielectric 260,
a passivation layer 270, a planarization layer 280, an organic
light emitting device 290, a bank 300, an encapsulation layer
310, and an adhesive layer 320 illustrated in FIG. 15 are
substantially the same as the elements described above with
reference to FIG. 6. Also, except that each of gate electrodes
222 and 232 i1s formed of a single layer, a driving transistor

220 and a switching transistor 230 are substantially the same
as the elements described above with reference to FIG. 6.
Theretore, detailed descriptions of the first substrate 111, the
second substrate 112, the bufler layer 210, the driving
transistor 220, the switching transistor 230, the gate 1nsula-
tion layer 240, the interlayer dielectric 260, the passivation
layer 270, the planarnization layer 280, the organic light
emitting device 290, the bank 300, the encapsulation layer
310, and the adhesive layer 320 are omitted.

Reterring to FIG. 15, the gate electrode 222 of the driving,
transistor 220 and the gate electrode 232 of the switching
transistor 230 may each be formed of a single layer or a
multilayer including one of molybdenum (Mo), aluminum
(Al), chromium (Cr), gold (Au), titanium (11), mickel (IN1),
neodymium (Nd), and copper (Cu) or an alloy thereof.

The capacitor 250 may include one electrode 251 and the
other electrode 252. The one electrode 251 and the other
clectrode 252 may overlap each other with at least one
insulation layer therebetween. For example, as 1n FIG. 15,
the one electrode 251 and the other electrode 252 may




US 10,199,446 B2

25

overlap each other with a dielectric layer 253 therebetween.
The dielectric layer 253 may correspond to an insulation
layer.

The one electrode 251 may be formed on the planarization
layer 280. The one electrode 251 may be formed of the same
material on the same layer as an anode electrode 291. The
one e¢lectrode 251 may be connected to a top of the gate
clectrode 222 through a contact hole CT4 which passes
through the interlayer dielectric 260, the passivation layer
270, and the planarization layer 280 and exposes the gate
clectrode 222 of the driving transistor 220. The one elec-
trode 251 may be formed of a transparent conductive
material (TCO) such as ITO, 1Z0, or the like.

The other electrode 252 may be formed on a bank 300 and
the dielectric layer 253. The other electrode 252 may be
formed of the same material on the same layer as a cathode
clectrode 293. The other electrode 252 may be connected to
a top of a second electrode 234 of the switching transistor
230 through a contact hole C'15 which passes through the
passivation layer 270, the planarization layer 280, and the
bank 300 and exposes the second electrode 234 of the
switching transistor 230. In FIG. 15, for convenience of
description, an example where the other electrode 252 1s
connected to the top of the second electrode 234 of the
switching transistor 230 1s 1llustrated, but the present aspect
1s not limited thereto. In other aspects, the other electrode
252 may be connected to a top of a first electrode 233 of the
switching transistor 230. The other electrode 252 may be
formed of a transparent conductive material (TCO) such as
ITO, IZ0O, or the like.

The dielectric layer 253 may be disposed between the one
clectrode 251 and the other electrode 252. A capacity of the
capacitor 250 may be defined as expressed in the following
Equation (1):

A (1)

where € denotes a dielectric constant of the dielectric layer
253, A denotes an overlapping area between the one elec-
trode 251 and the other electrode 252, and t denotes a
thickness of the dielectric layer 253. In order to increase the
capacity of the capacitor 250, a material having a high
dielectric constant may be used as the dielectric layer 253,
the dielectric layer 253 may be thinly formed, or the
overlapping arca between the one electrode 251 and the
other electrode 252 may be enlarged.

However, 1n an aspect of the present disclosure, since the
one electrode 251 of the capacitor 250 1s formed on the same
layer as the anode electrode 291 as 1n FIG. 15, the capacitor
250 and the organic light emitting device 290 may be
divided by the bank 300. Therefore, when an overlapping
area between the one electrode 251 and the other electrode
252 of the capacitor 250 1s enlarged, an area of an emissive
part EA 1s narrowed. Accordingly, 1n an aspect of the present
disclosure, the dielectric layer 253 may be thinly formed, or

may be formed of a material having a high dielectric
constant.

The dielectric layer 253 may be formed of S10_, SiN _, or
a multilayer thereof, but 1s not limited thereto. In order to
increase a dielectric constant of the dielectric layer 233, the
dielectric layer 253 may be formed of S10_, SiN_, or a
multilayer thereot, or may be formed of at least one of 510,
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Al,O;, GeO,, SrO, HIS10x, Y,0;, ZrO,, Ta,0., CeO,,
La,0,;, LaAlO,, NMD, TiO,, and STO, or a multilayer
thereof.

As described above, 1n an aspect of the present disclosure,
the one electrode 251 and the other electrode 252 of the
capacitor 230 may be formed to overlap each other with the
dielectric layer 253 therebetween and may each be formed
ol a transparent conductive material. As a result, 1n an aspect
of the present disclosure, since the capacitor 250 can be
removed from a driving part DA, an area of the driving part
DA 1s reduced, thereby enlarging an area of a transmissive
part TA. Accordingly, 1n an aspect of the present disclosure,
a transmittance of the transparent display device increases.

FIG. 16 1s a flowchart 1llustrating a method of manufac-
turing a transparent display device according to another
aspect of the present disclosure. FIGS. 17A to 17F are
cross-sectional views 1llustrating a method of manufacturing
a transparent display device according to another aspect of

the present disclosure. The cross-sectional views 1llustrated
in FIGS. 17A to 17F relate to a method of manufacturing a
transparent display device illustrated 1n FIG. 15, and thus,
like reference numerals refer to like elements.

Herematter, a method of manufacturing a transparent
display device according to another aspect of the present
disclosure will be described 1n more detail with reference to
FIGS. 16 and 17A to 17F.

First, as 1n FIG. 17A, a driving transistor 220 and a
switching transistor 230 may be formed on a substrate 100.

A bufler layer 210 may be formed on a first substrate 111,
for protecting elements from water which penetrates through
the first substrate 111. The bufler layer 210 may include a
plurality of inorganmic layers which are alternately stacked,
for protecting a TFT 220 and an organic light emitting
device 290 from water which penetrates through the first
substrate 111 wvulnerable to penetration of water. For
example, the bufler layer 210 may be formed of a multilayer
where one or more of silicon oxide (510,), silicon nitride
(SIN_ ), and silicon oxynitride (S1ON) are alternately
stacked. The butler layer 210 may be formed by a CVD
pProcess.

An active layer 221 of the driving transistor 220 and an
active layer 231 of the switching transistor 230 may be
formed on the bufler layer 210. In detail, an active metal
layer may be formed all over the bufler layer 210 by using
a sputtering process or an MOCVD process. Subsequently,
the active layers 221 and 231 may be formed by patterming
the active metal layer through a mask process using a
photoresist pattern. The active layers 221 and 231 may each
be formed of a silicon-based semiconductor material or an
oxide-based semiconductor material.

Subsequently, a gate 1nsulation layer 240 may be formed
on the active layers 221 and 231. The gate msulation layer
240 may be formed of an 1norganic layer, for example, S10_,
S1IN_, or a multilayer thereof.

Subsequently, a gate electrode 222 of the driving transis-
tor 220 and a gate electrode 232 of the switching transistor
230 may be formed on the gate insulation layer 240. In
detail, a first metal layer may be formed all over the gate
insulation layer 240 by using a sputtering process or an
MOCVD process. Subsequently, the gate electrodes 222 and
223 may be formed by patterning the first metal layer
through a mask process using a photoresist pattern. The gate
clectrode 222 may be formed of a single layer or a multilayer
including one of molybdenum (Mo), aluminum (Al), chro-
mium (Cr), gold (Au), titantum (11), nickel (N1), neodymium
(Nd), and copper (Cu) or an alloy thereof.
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Subsequently, an interlayer dielectric 260 may be formed
on the gate electrode 222. The interlayer dielectric 260 may
be formed of an 1morganic layer, for example, S10_, SIN_, or

a multilayer thereol. The interlayer dielectric 260 may be
formed through a CVD process.

Subsequently, a plurality of contact holes CT1 which pass
through the gate isulation layer 240 and the interlayer
dielectric 260 and expose the active layer 221 may be
formed.

Subsequently, the first electrodes 223 and 233 and the
second electrodes 224 and 234 may be formed on the
interlayer dielectric 260. In detail, a second metal layer may
be formed all over the interlayer dielectric 260 by using a
sputtering process or an MOCVD process. Subsequently, the
first electrodes 223 and 233 and the second electrodes 224
and 234 may be formed by patterming the second metal layer
through a mask process using a photoresist pattern. Each of
the first and second electrodes 223 and 224 may be con-
nected to the active layer 221 through a corresponding
contact hole CT1 which passes through the gate insulation
layer 230 and the interlayer dielectric 260, and each of the
first and second electrodes 233 and 234 may be connected to
the active layer 231 through a corresponding contact hole
CT1. The first electrodes 223 and 233 and the second
clectrodes 224 and 234 may each be formed of a single layer
or a multilayer including one of molybdenum (Mo), alumi-
num (Al), chromium (Cr), gold (Au), titantum (11), nickel
(N1), neodymium (INd), and copper (Cu) or an alloy thereof.
(shown 1n S401 of FIG. 16)

Second, as i FIG. 17B, a passivation layer 270 and a
planarization layer 280 may be sequentially formed on the
driving transistor 220 and the switchung transistor 230.

In detail, a passivation layer 270 may be formed on the
driving transistor 220 and the switching transistor 230. The
passivation layer 270 may be formed of an 1norganic layer,
for example, S10_, SiN_, or a multilayer thereof. The pas-
sivation layer 270 may be formed through a CVD process.

Subsequently, a planarization layer 280 for planarizing a
step height caused by the driving transistor 220, the switch-
ing transistor 230, and the capacitor 250 may be formed on
the passivation layer 270. The planarization layer 280 may
be formed of an organic layer such as acryl resin, epoxy
resin, phenolic resin, polyamide resin, polyimide resin, or
the like. The planarization layer 280 may be formed through
a CVD process. (shown 1 S402 of FIG. 16)

Third, as in FIG. 17C, one electrode 251 of the capacitor
250 and an anode electrode 291 may be formed on the
planarization layer 280.

In detail, a contact hole CT2 which passes through the
passivation layer 270 and the planarization layer 280 and
exposes a drain electrode 224 of the driving transistor 220
may be formed. Also, a contact hole CT4 which passes
through the interlayer dielectric 260, the passivation layer
270, and the planarization layer 280 and exposes the gate
clectrode 222 may be formed.

Subsequently, a third metal layer may be formed all over
the planarization layer 280 by using a sputtering process or
an MOCVD process. Subsequently, the one electrode 251 of
the capacitor 250 and the anode electrode 291 may be
formed by patterning the third metal layer through a mask
process using a photoresist pattern. The anode electrode 291
may be connected to the anode electrode 224 of the driving,
transistor 220 through the contact hole CT2 which passes
through the passivation layer 270 and the planarization layer
280. The one electrode 251 of the capacitor 250 may be
connected to the gate electrode 222 of the driving transistor
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220 through the contact hole CT4 which passes through the
interlayer dielectric 260, the passivation layer 270, and the
planarization layer 280.

The one electrode 251 of the capacitor 250 and the anode
clectrode 291 may each be formed of a transparent conduc-
tive material (TCO) such as I'TO or IZ0O capable of trans-
mitting light, and a semi-transmissive conductive material

such as magnesium (Mg), silver (Ag), and an alloy of Mg
and Ag. (shown 1n S403 of FIG. 16)

Fourth, as in FIG. 17D, the bank 300 may be formed on
the planarization layer 280 to cover an edge of the anode
clectrode 291 and an edge of the one electrode 251 of the
capacitor 250, for dividing an emissive part EA and the
capacitor 250.

The bank 300 may include a black bank 301 and a
transparent bank 302. The black bank 301 may include a
material for absorbing light. For example, the black bank
301 may be an organic layer (for example, a black organic
layer) having a certain color. The transparent bank 302 may
be formed of an organic layer such as acryl resin, epoxy
resin, phenolic resin, polyamide resin, polyimide resin, or
the like. (S404 of FIG. 16)

Fifth, as in FIG. 17E, a dielectric layer 253 may be formed
on the one electrode 251 of the capacitor 250 and the bank
300, and the organic light emitting layer 292 may be formed
on the anode electrode 291 and the bank 300. The dielectric
layer 253 may be spaced apart from the organic light
emitting layer 292.

The organic light emitting layer 292 may be formed
through a deposition process or a solution process. In a case
where the organic light emitting layer 292 1s formed through
a deposition process, the organic light emitting layer 292
may be formed through an evaporation process.

The dielectric layer 253 may be formed through a depo-
sition process or a solution process. The dielectric layer 253
may be formed of S10_, SiN_, or a multilayer thereot, but 1s
not limited thereto. In order to increase a dielectric constant
of the dielectric layer 253, the dielectric layer 233 may be

formed of S10_, SiN_, or a multilayer thereof, or may be
formed of at least one ot S10,, Al,O,, GeO,, SrO, HIS10x,

Y,0;, Zr0O,, Ta,0., CeO,, La,0O;, LaAlO;, NMD, Ti0,,
and STO, or a multilayer thereof.

Subsequently, as in FIG. 17F, the cathode electrode 293
may be formed on the organic light emitting layer 292. The
cathode electrode 293 may be formed through a sputtering
process or an MOCVD process.

The cathode electrode 293 may be formed of a transparent
conductive material (TCO) such as ITO and IZ0 capable of
transmitting light, or a semi-transmissive conductive mate-
rial such as magnesium (Mg), silver (Ag), and an alloy of

Mg and Ag. A capping layer may be formed on the cathode
clectrode 283. (shown 1n S406 of FIG. 16)

Operations S407 and S408 of F1G. 16 are substantially the
same as operations S107 and S108 of FIG. 7, and thus, their
detailed descriptions are omitted.

As described above, 1n an aspect of the present disclosure,
the one electrode 251 and the other electrode 252 of the
capacitor 250 may be formed to overlap each other with the
dielectric layer 253 therebetween and may each be formed
of a transparent conductive material. As a result, 1n an aspect
of the present disclosure, since the capacitor 250 can be
removed from a driving part DA, an area of the driving part
DA 1s reduced, thereby enlarging an area of a transmissive
part TA. Accordingly, in an aspect of the present disclosure,
a transmittance of the transparent display device increases.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
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disclosure without departing from the spirit or scope of the
disclosures. Thus, 1t 1s intended that the present disclosure
covers the modifications and vanations of this disclosure
provided they come within the scope of the appended claims
and their equivalents.

What 1s claimed 1s:

1. A display device, comprising:

a light emitting structure including an anode electrode, a
light emitting layer, and a cathode electrode;

a driving transistor configured to supply a driving current
to the light emitting structure and having first and
second driving transistor electrodes and a gate elec-
trode;

a switching transistor having first and second switching
transistor electrodes and configured to be turned on 1n
response to a gate signal of a gate line of the display
device;

a capacitor having first and second capacitor electrodes,
cach electrode formed of a transparent conductive
material, wherein the first and second capacitor elec-
trodes overlap each other with at least one 1nsulation
layer therebetween; and

a bank defining an emissive part of the light emitting
structure, wherein the bank includes a black bank
disposed on the driving transistor and the switching
transistor and a transparent bank covers the black bank.

2. The display device of claim 1, wheremn the first and
second capacitor electrodes vertically overlap an emissive
part of the light emitting device.

3. The display device of claim 1, wherein the first capaci-
tor electrode 1s connected to a gate electrode of the driving
transistor, and the second capacitor electrode 1s connected to
the first switching transistor electrode or the second switch-
ing transistor electrode.

4. The display device of claim 3, wherein the driving
transistor and the switching transistor, each comprises:

an active layer; and

a gate electrode on a gate insulation layer covering the
active layer, the gate electrode vertically overlapping
the active layer,

wherein the first and second driving transistor electrodes
and the first and second switchuing transistor electrodes
disposed on an interlayer dielectric covering the gate
clectrode, at least one of the first driving transistor
clectrode and the first switching transistor electrode
connected to the active layer through at least one of first
contact holes passing through the gate insulation layer
and the interlayer dielectric, and at least one of the
second driving transistor electrode and the second
switching transistor electrode connected to the active
layer through at least one of second contact holes
passing through the gate insulation layer and the inter-
layer dielectric.

5. The display device of claim 4, wheremn the first and
second capacitor electrodes vertically overlap each other
with the interlayer dielectric therebetween.

6. The display device of claim 5, wherein

the gate electrode of the driving transistor comprises a
bottom gate electrode formed of a transparent conduc-
tive material and a top gate electrode formed of an
opaque conductive material,

the first capacitor electrode 1s disposed on the gate 1nsu-
lation layer and extends from the bottom gate electrode,
and

the second capacitor electrode 1s disposed on the inter-
layer dielectric and one of the first and second switch-
ing transistor electrodes.
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7. The display device of claim 4, wherein the first and
second capacitor electrodes overlap each other with a pas-
sivation layer therebetween, the passivation layer covering
the first and second switching transistor electrodes and the
first and second driving transistor electrodes.

8. The display device of claim 7, wherein

the first capacitor electrode 1s disposed on the passivation

layer and 1s connected to the gate electrode of the
driving transistor through one of the first contact holes
passing through the interlayer dielectric and the passi-
vation layer, and

the second capacitor electrode 1s disposed on the inter-

layer dielectric and 1s connected to an upper surface of
one of the first and second switching transistor elec-
trodes.

9. The display device of claim 4, wherein the first and
second capacitor electrodes vertically overlap each other
with the gate insulation layer therebetween.

10. The display device of claim 9, wherein

the gate electrode of the driving transistor comprises a

bottom gate electrode formed of a transparent conduc-
tive material and a top gate electrode formed of an
opaque conductive material,

the first capacitor electrode 1s disposed on the gate 1nsu-

lation layer and extends from the bottom gate electrode,
and

the second capacitor electrode 1s disposed on the active

layer of the switching transistor.

11. The display device of claim 4, wherein

the first capacitor electrode 1s formed of the same material

as a material of the anode electrode and 1s on the same
layer as the anode electrode, and the second capacitor
clectrode 1s formed of the same material as a material
of the cathode electrode and 1s on the same layer as the
cathode electrode, and

a dielectric layer 1s disposed between the first and second

capacitor electrodes.
12. The display device of claim 1, further comprising a
bank dividing the light emitting structure and the capacitor.
13. The display device of claim 1, wherein the anode
clectrode and the cathode electrode are formed of a trans-
parent conductive material.
14. The display device of claim 1, wherein the first and
second capacitor electrodes vertically overlap a transmissive
part of the light emitting device.
15. The display device of claim 14, further comprising a
transparent dielectric layer between the first and second
capacitor electrodes.
16. The display device of claim 14, wherein the first
capacitor electrode 1s directly connected to a gate electrode
of the driving transistor.
17. The display device of claim 16, wherein the second
capacitor electrode 1s directly connected to the second
clectrode of the switching transistor.
18. A method of manufacturing a display device, the
method comprising:
forming an active layer of each of a driving transistor on
a first substrate;

forming a gate mnsulation layer on the active layer, form-
ing a {irst capacitor electrode and a bottom gate elec-
trode of the driving transistor on the gate insulation
layer by using a transparent conductive material, and
forming a top gate electrode of the driving transistor on
the bottom gate electrode to overlap the active layer;

forming an 1interlayer dielectric on the first capacitor
clectrode and the top gate electrode of the driving
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transistor and forming a source electrode and a drain
clectrode of the driving transistor on the interlayer
dielectric;

forming a second capacitor electrode on the interlayer
dielectric by using the transparent conductive material;

forming a passivation layer on the driving transistor and
the capacitor and forming a planarization layer on the
passivation layer; and

sequentially forming an anode electrode, a bank, an light
emitting layer, and a cathode electrode on the pla-
narization layer,

wherein a bank defines an emissive part of the light
emitting structure, wherein the bank includes a black
bank disposed on the driving transistor and the switch-
ing transistor and a transparent bank covering the black
bank.

19. A method of manufacturing a display device, the

method comprising:

forming an active layer of each of a driving transistor on
a first substrate, forming a gate isulation layer on the
active layer, forming a gate electrode on the gate

insulation layer to overlap the active layer, forming an
interlayer dielectric on the gate electrode, and forming
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a source e¢lectrode and a drain electrode of the driving
transistor on the interlayer dielectric;

forming a first capacitor electrode on the interlayer dielec-
tric by using a transparent conductive maternal;

forming a passivation layer on the source electrode and
the drain electrode of the driving transistor and the first
capacitor electrode, forming a contact hole which
passes through the interlayer dielectric and exposes the
gate electrode of the driving transistor, and forming a
second capacitor electrode, connected to the gate elec-
trode of the driving transistor through the contact hole,
on the passivation layer by using the transparent con-
ductive material;

forming a planarization layer on the passivation layer and
the second capacitor electrode; and

sequentially forming an anode electrode, a bank, an light
emitting layer, and a cathode electrode on the pla-
narization layer,

wherein a bank defines an emissive part of the light
emitting structure, wherein the bank includes a black
bank disposed on the driving transistor and the switch-
ing transistor and a transparent bank covering the black

bank.
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